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$EVWUDFW6HDUFK IRUQHZSURGXFHUVRIELRORJLFDOO\DFWLYHFRPSRXQGV WKDWFDQEHZLGHO\XVHG LQYDULRXV¿HOGVRI
human activity is intense among the variety of organisms, habitats of which are connected with the extreme conditions 
of existence, including Antarctica. The purpose of this work was conducting relevant research on this topical issue. 25 
isolation of pure cultures of microscopic fungi (species of Mortiriella, Mucor, Eurotium, Cladosporium, Fusarium, 
Geotrichum, Pseudogymnoascus, Penicillium, Phoma, Rhodotorula etc.) were obtained from the samples of mosses, 
lichens, soil and stones obtained from 18-20th Ukrainian Antarctic expedition (Galindez, Pitterman, and Yalur Islands). 
Among them Pseudogymnoascus pannorum and Mucor circinelloides are characterized by a pronounced activity to the 
synthesis of complex of biologically active lipids. 8 pure cultures of bacteria were also isolated that synthesize 
ELRORJLFDOO\ DFWLYH VXEVWDQFHV ZKɿFK FDQ LQKLELW WKH JURZWK RI RWKHU PLFURRUJDQLVPV SURQRXQFHG DQWDJRQLVWLF
properties were observed). Collection of technologically advanced microorganisms replenished with new srains of 
microscopic fungi and bacteria – producers of biologically active compounds.
Ɋɿɡɧɨɦɚɧɿɬɬɹɚɧɬɚɪɤɬɢɱɧɢɯɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ±ɩɨɬɟɧɰɿɣɧɢɯɩɪɨɞɭɰɟɧɬɿɜɛɿɨɥɨɝɿɱɧɨɚɤɬɢɜɧɢɯɫɩɨɥɭɤ
ɌɈɄɨɧɞɪɚɬɸɤɌȼȻɟɪɟɝɨɜɚɅȱɈɫɬɚɩɱɟɧɤɨ
Ɋɟɮɟɪɚɬɉɨɲɭɤɧɨɜɢɯɩɪɨɞɭɰɟɧɬɿɜɛɿɨɥɨɝɿɱɧɨɚɤɬɢɜɧɢɯɫɩɨɥɭɤɹɤɿɦɨɠɭɬɶɲɢɪɨɤɨɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹɜɪɿɡɧɢɯ
ɝɚɥɭɡɹɯ ɥɸɞɫɶɤɨʀ ɞɿɹɥɶɧɨɫɬɿ ɿɧɬɟɧɫɢɜɧɨ ɜɟɞɟɬɶɫɹ ɫɟɪɟɞ ɪɿɡɧɨɦɚɧɿɬɬɹɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜɦɿɫɰɹ ɿɫɧɭɜɚɧɧɹ ɹɤɢɯ
ɩɨɜ¶ɹɡɚɧɿɡɟɤɫɬɪɟɦɚɥɶɧɢɦɢɭɦɨɜɚɦɢɿɫɧɭɜɚɧɧɹɡɨɤɪɟɦɚɜȺɧɬɚɪɤɬɢɞɿɉɪɨɜɟɞɟɧɧɹɜɿɞɩɨɜɿɞɧɢɯɞɨɫɥɿɞɠɟɧɶɡ
ɰɶɨɝɨɚɤɬɭɚɥɶɧɨɝɨɩɢɬɚɧɧɹɫɬɚɧɨɜɢɥɨɦɟɬɭɞɚɧɨʀɪɨɛɨɬɢȱɡɞɨɫɥɿɞɠɟɧɢɯɡɪɚɡɤɿɜɦɨɯɿɜɥɢɲɚɣɧɢɤɿɜʉɪɭɧɬɭɬɚ
ɤɚɦɿɧɧɹ ɨɬɪɢɦɚɧɢɯ ɭ ±ɣ ɍɤɪɚʀɧɫɶɤɢɯ ɚɧɬɚɪɤɬɢɱɧɢɯ ɟɤɫɩɟɞɢɰɿɹɯ ɨ Ƚɚɥɿɧɞɟɡ ɨ ɉɿɬɬɟɪɦɚɧ ɨ əɥɭɪ
ɿɡɨɥɶɨɜɚɧɨɱɢɫɬɢɯɤɭɥɶɬɭɪɦɿɤɪɨɫɤɨɩɿɱɧɢɯɝɪɢɛɿɜ ɜɢɞɢɪɨɞɿɜ Mortiriella, Mucor, Eurotium, Cladosporium, 
Fusarium, Geotrichum, Pseudogymnoascus, Penicillium, Phoma, RhodotorulaɬɚɿɧɋɟɪɟɞɧɢɯPseudogymnoascus 
pannorum ɬɚ Mucor circinelloides ɯɚɪɚɤɬɟɪɢɡɭɸɬɶɫɹ ɹɫɤɪɚɜɨ ɜɢɪɚɠɟɧɨɸ ɚɤɬɢɜɧɿɫɬɸ ɞɨ ɫɢɧɬɟɡɭ ɤɨɦɩɥɟɤɫɭ
ɛɿɨɥɨɝɿɱɧɨɚɤɬɢɜɧɢɯɥɿɩɿɞɿɜ ȱɡɨɥɶɨɜɚɧɨɬɚɤɨɠɱɢɫɬɢɯɤɭɥɶɬɭɪɛɚɤɬɟɪɿɣɳɨɫɢɧɬɟɡɭɸɬɶɛɿɨɥɨɝɿɱɧɨɚɤɬɢɜɧɿ
ɪɟɱɨɜɢɧɢ ɡɞɚɬɧɿ ɩɪɢɝɧɿɱɭɜɚɬɢ ɪɿɫɬ ɿɧɲɢɯ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɩɪɨɹɜɥɹɸɬɶ ɹɫɤɪɚɜɨ ɜɢɪɚɠɟɧɿ ɚɧɬɚɝɨɧɿɫɬɢɱɧɿ
ɜɥɚɫɬɢɜɨɫɬɿ Ʉɨɥɟɤɰɿɸ ɬɟɯɧɨɥɨɝɿɱɧɨ ɩɟɪɫɩɟɤɬɢɜɧɢɯ ɲɬɚɦɿɜ ɦɿɤɪɨɨɪɝɚɧɿɡɦɿɜ ɩɨɩɨɜɧɟɧɨ ɧɨɜɢɦɢ ɜɢɞɚɦɢ
ɦɿɤɪɨɫɤɨɩɿɱɧɢɯɝɪɢɛɿɜɛɚɤɬɟɪɿɣ±ɩɪɨɞɭɰɟɧɬɿɜɛɿɨɥɨɝɿɱɧɨɚɤɬɢɜɧɢɯɫɩɨɥɭɤ
Ɋɚɡɧɨɨɛɪɚɡɢɟɚɧɬɚɪɤɬɢɱɟɫɤɢɯɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ±ɩɨɬɟɧɰɢɚɥɶɧɵɯɩɪɨɞɭɰɟɧɬɨɜɛɢɨɥɨɝɢɱɟɫɤɢɚɤɬɢɜɧɵɯ
ɫɨɟɞɢɧɟɧɢɣ
ɌȺɄɨɧɞɪɚɬɸɤɌȼȻɟɪɟɝɨɜɚɹɅɂɈɫɬɚɩɱɟɧɤɨ
Ɋɟɮɟɪɚɬɉɨɢɫɤɧɨɜɵɯɩɪɨɞɭɰɟɧɬɨɜɛɢɨɥɨɝɢɱɟɫɤɢɚɤɬɢɜɧɵɯɫɨɟɞɢɧɟɧɢɣɤɨɬɨɪɵɟɦɨɝɭɬɲɢɪɨɤɨɢɫɩɨɥɶɡɨɜɚɬɶɫɹ
ɜɪɚɡɧɵɯɫɮɟɪɚɯɱɟɥɨɜɟɱɟɫɤɨɣɞɟɹɬɟɥɶɧɨɫɬɢɢɧɬɟɧɫɢɜɧɨɜɟɞɟɬɫɹɫɪɟɞɢɪɚɡɧɨɨɛɪɚɡɢɹɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜɦɟɫɬɚ
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ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɤɨɬɨɪɵɯ ɫɜɹɡɚɧɵ ɫ ɷɤɫɬɪɟɦɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɜ ɱɚɫɬɧɨɫɬɢ ɜ Ⱥɧɬɚɪɤɬɢɞɟ ɉɪɨɜɟɞɟɧɢɟ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯɧɚɭɱɧɵɯɢɫɫɥɟɞɨɜɚɧɢɣɜɷɬɨɦɚɤɬɭɚɥɶɧɨɦɧɚɩɪɚɜɥɟɧɢɢɫɨɫɬɚɜɥɹɥɨɰɟɥɶɞɚɧɧɨɣɪɚɛɨɬɵɂɡ-
ɭɱɟɧɢɟɨɛɪɚɡɰɨɜɦɯɨɜɥɢɲɚɣɧɢɤɨɜ ɝɪɭɧɬɚɢɤɚɦɧɟɣɫɚɧɬɚɪɤɬɢɱɟɫɤɢɯɨɫɬɪɨɜɨɜȽɚɥɿɧɞɟɡɉɿɬɬɟɪɦɚɧəɥɭɪ
±ɹɍɤɪɚɢɧɫɤɢɟɚɧɬɚɪɤɬɢɱɟɫɤɢɟɷɤɫɩɟɞɢɰɢɢɩɨɡɜɨɥɢɥɨɜɵɞɟɥɢɬɶɱɢɫɬɵɯɤɭɥɶɬɭɪɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯ
ɝɪɢɛɨɜ ɜɢɞɵ ɪɨɞɨɜ Mortiriella, Mucor, Eurotium, Cladosporium, Fusarium, Geotrichum, Pseudogymnoascus, 
Penicillium, Phoma, Rhodotorula ɢ ɞɪ ɋɪɟɞɢ ɧɢɯ Pseudogymnoascus pannorum ɢ Mucor circinelloides 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹɹɪɤɨɜɵɪɚɠɟɧɧɨɣɚɤɬɢɜɧɨɫɬɶɸɫɢɧɬɟɡɢɪɨɜɚɬɶɤɨɦɩɥɟɤɫɥɢɩɢɞɨɜȱɡɨɥɢɪɨɜɚɧɨɬɚɤɠɟɱɢɫɬɵɯ
ɤɭɥɶɬɭɪɛɚɤɬɟɪɢɣ ɤɨɬɨɪɵɟɫɢɧɬɟɡɢɪɭɸɬɛɢɨɥɨɝɢɱɟɫɤɢɚɤɬɢɜɧɵɟɜɟɳɟɫɬɜɚ ɫɩɨɫɨɛɧɵɟɭɝɧɟɬɚɬɶɪɨɫɬɞɪɭɝɢɯ
ɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜ ɩɪɨɹɜɥɹɸɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɟ ɚɧɬɚɝɨɧɢɫɬɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ Ʉɨɥɥɟɤɰɢɸ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ
ɩɟɪɫɩɟɤɬɢɜɧɵɯɲɬɚɦɦɨɜɦɢɤɪɨɨɪɝɚɧɢɡɦɨɜɩɨɩɨɥɧɟɧɨɧɨɜɵɦɢɜɢɞɚɦɢɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɯɝɪɢɛɨɜɢɛɚɤɬɟɪɢɣ±
ɩɪɨɞɭɰɟɧɬɨɜɛɢɨɥɨɝɢɱɟɫɤɢɚɤɬɢɜɧɵɯɫɨɟɞɢɧɟɧɢɣ
.H\ZRUGVȺQWDUFWLFPLFURRUJDQLVPVFROOHFWLRQRIWHFKQRORJLFDOO\DGYDQFHGPLFURRUJDQLVPV
1. Introduction
The development of biotechnology, which is based on the potential of microorganisms in obtaining 
biologically active substances (BAS), is one of the strategic directions of the modern world science. The 
VWUDWHJ\RI¿QGLQJQHZSURGXFHUVRI%$6 LVEDVHGRQ WKH IROORZLQJSULQFLSOHV VSHFL¿FLW\ H[WUHPH
species (strain) locality, including those belonging to the region, which had previously been allocated to 
producers; taxonomic position of species (strain), its cultural-morphological, physiological, biochemical 
and molecular genetic features. These features microscopic fungi from extreme envinroement that can 
help them to survive and develop in conditions of extreme environmental factors, including Antarctica, 
are investigated to determine the mechanisms of microbial adaptation to the living conditions of their 
production and BAS [Kostadinova et al., 2009; Margesin et al., 2005; Nai et al., 2013]. Thus, among 
microscopic fungi, producers of BAS special attention deserve those that can remain viable and grow in 
extreme conditions, especially in Antarctica [Henriquez et al., 2013; Svahn et al., 2015], as they are 
powerful sources of potential metabolites with antimicrobial and antifungal activity that may be subject 
to the pharmaceutical industry. It was found that metabolites of the mycelium of fungi of Antarctic are 
capable of inhibiting the growth of Staphylococcus aureus [Henriquez et al., 2013]. Swedish researchers 
received new antifungal metabolite (amfoteritsyn) that exhibits activity against yeast fungus Candida 
DOELFDQV 7KH ¿ODPHQWRXV IXQJXV 3HQLFLOOLXP QDOJLRYHQVH /D[D GHULYHG IURP$QWDUFWLF VDPSOHV LV
producer of amphotericin B [Svahn et al., 2015]. It was also established that 12 species of fungi of the 
genus Penicillium, isolated ecological niches of Arctic and Antarctic are producers of BAS of different 
structural types (including alkaloids), which found to have inherent antibacterial, antifungal, anticancer 
DQG RWKHUV SURSHUWLHV >Ⱥɧɬɢɩɨɜɚ @ ,QFUHDVHG OLWKRJHQLF DFWLYLW\ ZDV VKRZQ IRU PLFURVFRSLF
mycelium fungus Geomyces pannorum, isolated from Antarctic habitats. This feature of these 
micromycetes metabolism thought to be associated with survival strategy under conditions of stress 
(extreme) environmental factors [Konova et al., 2009]. Broad prospects are accepted on undergoing 
DELOLW\RIIXQJLWR©VXSHUV\QWKHVLVªRIOLSLGVLQWHFKQLFDO¿HOGVLQFOXGLQJIRUELRGLHVHOXVLQJZDVWHRI
DJULFXOWXUH IRRG LQGXVWU\ HWF >Ɏɟɨɮɢɥɨɜɚ  Ɍɤɚɱɟɜɫɤɚɹ ɢ ɞɪ @ &DSDFLW\ RI H[KLELW
antibacterial and antifungal activity to synthesize a series of compounds found to be present in bacteria 
isolated from Antarctic samples can be used in the biotechnology industry (pharmaceutical, food 
industries, etc.). Exopolysaccharides of these microorganisms can be used as biological agents in the 
SURFHVVHVRIGHWR[L¿FDWLRQRIVRLOVFRQWDPLQDWHGE\SHWUROHXPRURLOSURGXFWV>3ROLHWDO$QLWRUL
2012; Papa et al., 2013; Asencio et al., 2014].
So, given the urgency of issues highlighted above, the purpose of our work is to search producers of 
%$6 DPRQJ GLYHUVLW\ RI $QWDUFWLF RUJDQLVPV EDFWHULD \HDVWV ¿ODPHQWRXV IXQJL WR HVWDEOLVK WKHLU
biological characteristics and to replenish the collection of technologically advanced microorganisms by 
new taxa.
0DWHULDOVDQGPHWKRGVRIUHVHDUFK
The examples of mosses, lichens, soil and stones (the Galindez, Pitterman, Yalur Islands) obtained 
during 18-20th Ukrainian Antarctic expeditions were used as material for our research (Fig. 1).
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Fig. 1. Samples of moss, lichens and soil that was used for research
6WDQGDUGPLFURELRORJLFDOPHWKRGVIRUFXOWXULQJRQDJDUDQGOLTXLGQXWULHQWPHGLD0DOWH[WUDFWDJDU
(MEA), Malt extract broth (MEB), Nutrient Agar (Na), Nutrient broth (NB), agar Chapek-Dox, potato-
dextrose agar (PDA) [Samson et al., 2004], Saburo environment, Tryptic Soy broth (TSB) and others 
3URGXFWLRQRI©)DUPDNW\Yª8NUDLQH0HUFN.*D$*HUPDQ\+L0HGLD/DERUDWRULHV,QGLDDQGRWKHUV
were performed for getting pure cultures of microorganisms from Antarctic samples. Evaluation of growth 
on agar media was performed visually (pronounced presence or absence of colonies of microorganisms in 
EDWFKFXOWXUH0RGHUQPHWKRGVRI LGHQWL¿FDWLRQRI LVRODWHGPLFURRUJDQLVPVDQGGHWHUPLQDWLRQRI WKHLU
characteristics (cultural-morphological and physiological-biochemical) were used. Determining 
physiological and biochemical characteristics and identity of cultures of bacteria was conducted using 
appropriate ID-cards and microbiological analyzer «Vitek-2» ( «Bio Merieux», France). Morphological 
features of microorganisms (the study of cells and spores) was done using binocular microscopes Primo 
Star Company carl Zeiss. Trinocular microscope Primo Star company Carl Zeiss (equipped with the 
appropriate video camera) was also used for photographing and the preparations required measurement 
parameters (diameter of the cells and spores of microorganisms, the distance between cells, etc). 
ɆRUSKRPHWULF &RPSXWHU SURJUDP $[LR9LVLRQ  &DUO =HLVV ZDV SHUIRUPHG 6FDQQLQJ HOHFWURQ
PLFURVFRS\6(0-60/$-DSDQZDVDOVRXVHG
3. Results and Discussion
25 pure cultures of microscopic fungi that referred to the divisions Zygomycota (species of 
Mortiriella, Mucor), Ascomycota (Eurotium sp.) And a group Anamorphic fungi (the genera Cladosporium, 
Fusarium, Geotrichum, Geomyces, Penicillium, Phoma, Rhodotorula) were isolated from the samples of 
mosses, lichens, soil and stones obtained from 18-20th Ukrainian Antarctic expeditions. Among them 
microscopic fungi with a pronounced activity to the synthesis of complex bioactive lipids, fatty acids 
GHVHUYHVSHFLDODWWHQWLRQ7KHIROORZLQJWD[DLHGeomyces pannorum/LQN6LJOHU	-:&DUPLFK
(today it is a synonym of Pseudogymnoascus pannorum /LQN 0LQQLV 	 '5 /LQGQHU DQG D
representative of the order Mucorales Mucor circinelloides7LHJK IRXQG WREɟSUHVHQWDPRQJFXOWXUHV
isolated (Fig. 2.3).
  
Fig. 2. Microscopic fungus Pseudogymnoascus pannorum$ɋ±LQEDWFKFXOWXUHȼ±SXUHFXOWXUH 
isolated from Antarctic moss samples.
lichen
Ⱥ B C
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The microscopic fungi Mucor circinelloides and Pseudogymnoascus pannorum found to have ability 
to synthesize and accumulate lipids in lipid hyphae in the form of granules, particles (Fig. 3). The optimal 
conditions for the synthesis of biologically important lipids can be established by identifying the fatty acid 
composition of lipids of these fungi on different nutrient media. The latter can be used for the synthesis of 
antibiotics as energy sources (biodiesel) to create medicines that contain of essential fatty acids and ubiquinone 
Q-9. The possibility of cultivation of microorganisms in the waste of agricultural and food industry makes 
them convenient and cost-effective in the usage [Tauk-Tornisielo et al., 2009; Bhanja et al., 2014].
                
Fig. 3. Microscopic fungus Mucor circinelloides (A, B) from Antarctic moss samples,  
ɋ±OLSLGJUDQXOHVLQK\SKDHRIM. circinelloides, × 400
The microscopic fungi of the genus Penicillium, which known that they are producers of 380 
secondary metabolites with biological activity, were isolated from Antarctic samples studied too (Fig. 4). 
The alkaloids pruducing by fungi of the genus PenicilliumZKLFKZLGHO\XVHGLQPHGLFLQH>Ⱥɧɬɢɩɨɜɚ
2009] have particular practical interest. 
                 
Fig. 4. Fungi of the genus Penicillium, isolated from Antarctic soil samples (A) and mosses (B and C). C – × 400
Visually clearly visible sterile zone around the microorganisms in batch culture (Fig. 5) were 
registered during the study of the Antarctic samples. Among the samples studied we selected 8 pure cultures 
of bacteria that synthesize biologically active substances that can inhibit the growth of other microorganisms 
(they show pronounced antagonistic properties).
                                 
Fig. 5. Bacteria from Antarctic samples in batch cultures (A, B – the other side of Petri dishes);  
b – colonies of bacteria that inhibit the growth of the mycelium of fungi;  
S. z. – Sterile zones that are formed around colonies of bacteria antagonists.
Ⱥ B C
Ⱥ B C
Ⱥ b
b
b
S.z. B
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Gram-positive and gram-negative bacilli, and spore producing species found to be present among 
the selected bacteria (Fig. 6). 
                      
Fig. 6. Pure culture of spore producing bacteria from Antarctic samples 
A number of physiological and biochemical characteristics of isolated bacterial cultures were 
revealed using microbiological analyzer Vitek-2 (table). 
Table
Physiological and biochemical characteristics of bacteria isolated from Antarctic samples
The enzymes produced by bacteria isolated
Bacteria cultures isolated (numbers of isolates)
% % % %
ȕJOXFRVLGDVH + + – –
glycine arylamidase + – – –
ȕJOXFRVLGDVH + + + +J-glutamyl-transferase – – + –
urease – – + +
phosphatase – – + +
Substrates that assimilated by isolated bacteria
D-Maltose – – + –
pyruvate + + – –
D-mannitol + + + –
D-trehalose + + + –
phosphorylcholine – + – –
D-ribose – + – –
Production H
2
S – – + +
Growth at 6,5% NaCl + + – –
7D[RQRPLF LGHQWLW\ RI WKH WZR FXOWXUHV RI EDFWHULD LH Bacillus VS ,VRODWH % DQG
Sphingobacterium thalpophilum LVRODWH % ZDV SURYHG E\ HVWDEOLVKHG PRUSKRORJLFDO DQG
physiological-biochemical features.
Our data on the properties of antagonistic bacteria of the genus Bacillus are consistent with the 
results of other authors who studied members of this genus of bacteria isolated from different environments 
with extreme conditions of existence [Ali et al., 2014]. Bacteria of the genus Sphingobacterium, isolated 
from Antarctic samples are of interest as potential producers of carotenoids, including beta-carotene, and 
sphingophospholipids [Jagannadham, et al., 2000; Kaneshiro et al., 1996]. Established that bacteria 
psyhrotolerant Sphingobacterium antarcticus are able to synthesize carotenoids in much larger quantities 
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at temperature 5qS than mesophilic S. multivorum at the temperature 25qS [Jagannadham, et al., 2000]. 
Thus, the genus Sphingobacterium, isolated us from Antarctic samples is of interest as potential producers 
BAS.
4. Conclusions
As a result of our studies collection of technologically advanced microorganisms is replenished with 
new species of microscopic fungi and bacteria – producers of BAS.
Our results and literature data indicate the need for further research to establish the chemical structure 
of BAS of isolated microorganisms.
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